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The species composition and dominating species were determined in five 25-m river 
reaches every week or every second week during the vegetation period of three consecu-
tive years (2006–2008). The number of species and the composition of macrophytes at 
each site differed from year to year. A total of 33 taxa of vascular plants were identified. 
Butomus umbellatus, Glyceria maxima, and Sagittaria sagittifolia were registered at all 
sites each year. The number of constant species was low and we identified a large number 
of occasional taxa. The dominant species varied during the vegetation period. According 
to CCA, year was a statistically important parameter for determining the composition of 
the macrophyte community. The hydrological parameters (discharge, water level, water 
temperature) had an effect on the distribution of the aquatic plants. Among hydrochemical 
parameters conductivity, O
2
, O
2
 saturation, and sulphate content were statistically signifi-
cant parameters governing the distribution of the macrophyte taxa.
Introduction
Several environmental factors affect the tem-
poral and spatial distribution of macrophytes 
in streams. Already Butcher (1933) found that 
the main factors governing the composition and 
abundance of macrophytes in England were 
stream hydrology (current), light availability, and 
bottom substrate. Later, the importance of nutri-
ents (Barko and Smart 1981, Demars and Harper 
1998, Schorer et al. 2000, Clarke and Wharton 
2001, Madsen and Cedergreen 2002, Kohler and 
Schneider 2003, Schneider and Melzer 2004, 
Baldy et al. 2007) and other chemicals (Mosisch 
and Arthington 1998, Samecka-Cymerman and 
Kempers 2007) was recognised. Because of dif-
ferent human activities, nowadays it is diffi-
cult to find pristine macrophyte communities in 
European lowland streams (Baattrup-Pedersen 
et al. 2006, and references therein). In the tem-
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perate zone, the anthropogenic disturbance of 
macrophyte communities in running waters is 
expressed as eutrophication (Robach et al. 1996, 
Kelly and Whitton 1998, Thiébaut and Muller 
1999, Hilton et al. 2006), pollution of water 
(Dickman et al. 1983, Daniel et al. 2005), change 
in the hydrological regime as a consequence of 
building dams and channels (Baatrup-Pedersen 
and Riis 1999, Riis et al. 2008, Catford et al. 
2011), and decline in weeds as a consequence of 
cutting (Baattrup-Pedersen and Riis 1999, Riis et 
al. 2000, Baattrup-Pedersen et al. 2002, 2003).
The distribution of macrophytes in running 
waters is never determined by only one envi-
ronmental factor. In fact, a complex of different 
factors is responsible for their dissemination and 
abundance. Therefore, multimetric analyses are 
widely used in such kind of studies (Mackay et 
al. 2003, Daniel et al. 2006, Riis et al. 2008, 
Chessman and Royal 2010).
There are only a few allusions to the aquatic 
vegetation of the Emajõgi (Sirgo 1936, Mäemets 
1990, Paal and Trei 2006b). At the same time, 
the communities of macrophytes in other Esto-
nian rivers have been described and analysed 
quite thoroughly (Järvekülg 2001, Trei and Pall 
2004, Paal and Trei 2004, 2006a, 2006b, Paal et 
al. 2007). Temporal changes in macrophyte com-
munities, however, have been observed in only 
one stream (Vilbaste et al. 2008).
Studies about temporal changes of aquatic 
plants are scarce. Some papers deal with long-
term changes focusing on interannual alterna-
tions. The species composition and richness of 
Danish lowland streams was studied in 13 stream 
sites over 100 years (Riis and Sand-Jensen 
2001). Ceschin et al. (2010) examined changes 
in floristic composition in the Tiber during more 
than 30 years. Hrivnák et al. (2009a) compared 
the diversity, abundance, distribution, and eco-
logical status of macrophytes in the River Turiec 
before and after a seven-year period. Long-
term changes of river macrophytes were also 
observed by Whitton et al. (1998) and Veit and 
Kohler (2003). We found only one study of the 
seasonal dynamics of macrophyte abundance. 
Hrivnák et al. (2009b) sampled macrophytes in 
two regulated streams seven times during the 
vegetation period. They detected significant dif-
ferences in the total abundance of macrophytes 
as well as in the abundance of macrophyte 
groups (hydrophytes, amphiphytes, helophytes) 
in different months within the vegetation period.
This study was designed to examine how 
the composition and structure of macrophyte 
communities in a river changed over time. Spe-
cifically, we wanted to know (1) how persist-
ently macrophyte taxa occupy the same place in 
consecutive years, (2) how the dominant species 
act during the vegetation period, and (3) which 
environmental factors govern the distribution 
of macrophyte species. We hypothesised that 
even though macrophytes are perennial vascular 
plants in rivers and the Emajõgi is a lowland 
stream, significant changes in the floristic com-
position and arrangement of the dominating spe-
cies take place during the vegetation period in 
consecutive years as the river is characterised by 
extensive spring floods.
Material and methods
The Emajõgi draws its water from Võrtsjärv, 
the second largest lake in the Baltic countries, 
and falls into lake Peipsi, the fourth largest lake 
in Europe (Fig. 1). Its length is 100 km, the 
catchment area is 9628 km2, the mean annual 
discharge is 60–70 m3 s–1, and the mean annual 
runoff is 2.26 km3. The Emajõgi is a typical 
lowland river with a small fall (3.6 m) and low 
water velocity (0. 2 m s–1); the stream gradient in 
the middle and lower courses is extremely small, 
only 1 cm km–1. The width of the studied river 
reaches is 50–60 m, and it is too deep (4–5 m) 
and its waters are too turbid to support macro-
phyte growth in the central part of the channel.
The macroflora of the Emajõgi was stud-
ied during three consecutive years (2006–2008). 
The species composition and the dominating 
taxa were determined in five 25-m river reaches 
(sites) every week during the vegetation period 
(May–October) in 2006 and 2007 and every 
second week in 2008, all in all 64 times. The 
dominating taxon was appointed subjectively 
as a taxon giving appearance to the macrophyte 
community, its relative cover (not measured) 
and frequency were the largest as compared with 
those of the other taxa. In some cases, there was 
no clear dominant. A four-step scale was used for 
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each taxon in the community: 0 = not present, 1 
= present, 5 = numerous (in case when there was 
no clear dominant and two species were equally 
frequent), 10 = dominant. Sites 1, 2, and 4 were 
situated on the right river bank while sites 3 and 
5 were on the left bank. The study area depended 
on the water level at the beginning of vegeta-
tion period and the flooded bank vegetation was 
included. The macrophytes reached to the depth 
of approximately 1 m and the width of the stud-
ied vegetation stripe was 3–12 m.
The data of weekly mean discharge, water 
level and temperature were obtained from the 
Estonian Meteorological and Hydrological 
Institute (Fig. 2). Hydrochemical data (oxygen 
concentration in water (O
2
), O
2
 saturation (%), 
water colour, biological oxygen demand (BOD
7
), 
chemical oxygen demand (COD), NO
2
-N, 
NO
3
-N, NH
4
-N, total N (N
tot
), soluble reactive 
phosphorus (SRP), total P (P
tot
), pH, chlorides 
(Cl), sulphates (SO
4
2–), and conductivity of the 
water) for two sites, Kvissental and Kavastu, 
were drawn from the state monitoring pro-
gramme (Table 1). These data were collected 
monthly at the Haaslava and Kvissental sites 
in 2006 or bimonthly at the Kvissental site in 
2007 and 2008. Kvissental is situated close to 
site 1 where macrophytes were sampled while 
the Kavastu site is located further downstream 
of site 5 (Fig. 1). In the analysis, the macrophyte 
data from the same week were used only when 
hydrochemical data were available (Kvissental n 
= 12, Haaslava n = 18).
As the distributions of some environmental 
parameters (NO
3
-N, NH
4
-N, total N) was not 
normal, we used nonparametric statistics. Spear-
man’s correlation was calculated to relate water 
level, discharges, water temperature, and the 
environmental parameters (Table 2). Differences 
between the number of species and the duration 
of vegetation period between the Kvissental and 
Haaslava sites were tested using a nonparametric 
Wilcoxon matched pairs test. Calculations were 
performed with STATISTICA for Windows 8.0 
(StatSoft Inc.).
Multivariate analysis was used to identify the 
main gradients in the composition of the macro-
phyte community using the program CANOCO 
4.5 (Ter Braak and Šmilauer 2002). In order to 
study the relationship of macrophyte species 
with the environmental parameters, Canonical 
Correspondence Analysis (CCA) with a for-
ward selection procedure was carried out. Plant 
abundance data for multivariate analysis were 
Fig. 1. map of the study area.
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Fig. 2. (A) Water level, 
(B) discharge, and (C) 
water temperature accord-
ing to the tartu gauge 
(58°22´51´´n, 26°43´37´´e; 
zero is 29.61 m a.s.l.) of 
the emajõgi in 2006, 2007, 
and 2008.
transformed to rank scale (0 = not present, 1 = 
present, 2 = numerous, 3 = dominant). Prior to 
CCA, we applied Detrended Correspondence 
Analysis (DCA) to check gradient lengths. In all 
cases (Kvissental and Haaslava sites separately, 
and pooled data from these locations) DCA gra-
dient lengths were larger than two and based on 
this CCA method was selected for further data 
analysis.
The statistical significance of the environ-
mental parameters was tested using the Monte 
Carlo permutation test with 999 permutations.
Results
A total of 33 taxa of vascular plants were iden-
tified, three species were registered at all sites 
every year (Butomus umbellatus, Glyceria 
maxima, Sagittaria sagittifolia) while five of 
them were only determined once at one site 
(Table 3). The number of constant taxa (occur-
ring at the same site during three years) formed 
less than one third of the total number of taxa. 
More than 60% of taxa at all five sites were 
occasional (registered once or twice at a site). 
464 Kõrs et al. • Boreal env. res. vol. 17
Ta
bl
e 
1.
 e
nv
iro
nm
en
ta
l p
ar
am
et
er
s 
of
 th
e 
e
m
aj
õg
i a
t K
vi
ss
en
ta
l (
n 
= 
12
) 
an
d 
K
av
as
tu
 (
n 
= 
18
) 
si
te
s 
in
 2
00
6–
20
08
: o
2 
= 
ox
yg
en
 c
on
ce
nt
ra
tio
n,
 o
2 
sa
t. 
= 
ox
yg
en
 s
at
ur
a-
tio
n,
 c
ol
ou
r 
= 
w
at
er
 c
ol
ou
r, 
B
o
D
7 =
 b
io
lo
gi
ca
l o
xy
ge
n 
de
m
an
d,
 c
o
D
 =
 c
he
m
ic
al
 o
xy
ge
n 
de
m
an
d,
 n
to
t =
 to
ta
l n
, s
r
P
 =
 s
ol
ub
le
 r
ea
ct
iv
e 
ph
os
ph
or
ou
s,
 P
to
t =
 to
ta
l P
, c
on
d.
 
= 
co
nd
uc
tiv
ity
 o
f w
at
er
.
 
 
o
2 
o
2 s
at
. 
c
ol
ou
r 
B
o
D
7 
c
o
D
 
n
h
4-
n
 
n
o
2-
n
 
n
o
3-
n
 
n
to
t 
s
r
P
 
P
to
t 
ph
 
c
l 
s
o
42
–  
c
on
d.
 
 
(m
g 
l–1
) 
(%
) 
(m
g 
P
t l
–1
) (
m
g 
o
2 l
–1
) (
m
g 
o
2 l
–1
) 
(m
g 
l–1
) 
(m
g 
l–1
) 
(m
g 
l–1
) 
(m
g 
l–1
) 
(m
g 
l–1
) 
(m
g 
l–1
) 
 
(m
g 
l–1
) 
(m
g 
l–1
) 
(µ
s
 c
m
–1
)
K
vi
ss
en
ta
l
20
06
 
m
ea
n 
10
.1
 
91
 
53
 
3.
7 
12
 
0.
14
8 
0.
00
9 
1.
00
 
1.
9 
0.
01
3 
0.
07
3 
8.
1 
8.
2 
19
 
39
7
 
m
ed
ia
n 
9.
9 
93
 
50
 
3.
6 
13
 
0.
08
3 
0.
00
7 
0.
84
 
1.
7 
0.
00
8 
0.
06
7 
8.
1 
8.
3 
17
 
38
8
 
m
in
 
6.
8 
76
 
35
 
1.
3 
10
 
0.
02
0 
0.
00
3 
0.
02
 
0.
8 
0.
00
2 
0.
02
9 
7.
7 
5.
1 
13
 
35
0
 
m
ax
 
12
.8
 
10
1 
85
 
6.
0 
15
 
0.
43
0 
0.
02
1 
3.
10
 
3.
7 
0.
07
6 
0.
15
0 
8.
3 
10
.0
 
33
 
49
5
20
07
 
m
ea
n 
11
.0
 
93
 
73
 
2.
9 
14
 
0.
10
2 
0.
01
0 
2.
14
 
3.
0 
0.
00
7 
0.
04
9 
8.
0 
7.
9 
26
 
40
7
 
m
ed
ia
n 
11
.5
 
91
 
80
 
2.
4 
13
 
0.
07
5 
0.
01
2 
2.
90
 
3.
9 
0.
00
7 
0.
04
8 
7.
9 
8.
2 
24
 
38
7
 
m
in
 
8.
0 
81
 
40
 
1.
5 
11
 
0.
02
0 
0.
00
3 
0.
05
 
1.
0 
0.
00
2 
0.
03
4 
7.
7 
5.
9 
18
 
35
3
 
m
ax
 
14
.0
 
10
2 
10
0 
4.
6 
20
 
0.
18
0 
0.
01
8 
4.
50
 
4.
8 
0.
01
2 
0.
06
5 
8.
2 
9.
3 
37
 
46
8
20
08
 
m
ea
n 
10
.3
 
85
 
91
 
2.
3 
16
 
0.
06
4 
0.
00
9 
2.
07
 
2.
7 
0.
01
0 
0.
03
6 
7.
9 
8.
0 
23
 
41
2
 
m
ed
ia
n 
10
.7
 
83
 
10
0 
2.
4 
15
 
0.
06
3 
0.
00
8 
2.
15
 
2.
8 
0.
00
8 
0.
03
6 
7.
9 
8.
0 
22
 
42
2
 
m
in
 
7.
0 
80
 
45
 
1.
0 
12
 
0.
02
0 
0.
00
5 
0.
16
 
1.
2 
0.
00
4 
0.
02
5 
7.
8 
7.
8 
18
 
36
3
 
m
ax
 
13
.0
 
10
1 
12
0 
3.
6 
23
 
0.
11
0 
0.
01
4 
3.
80
 
4.
2 
0.
01
8 
0.
04
6 
8.
1 
8.
2 
30
 
44
0
K
av
as
tu
20
06
 
m
ea
n 
10
.0
 
87
 
52
 
3.
1 
12
 
0.
23
5 
0.
01
2 
1.
17
 
2.
0 
0.
01
4 
0.
08
2 
7.
9 
10
.3
 
21
 
43
2
 
m
ed
ia
n 
10
.8
 
90
 
50
 
2.
8 
11
 
0.
15
5 
0.
00
9 
0.
91
 
1.
9 
0.
00
8 
0.
06
2 
8.
0 
9.
8 
20
 
40
7
 
m
in
 
8.
0 
74
 
35
 
1.
8 
10
 
0.
03
6 
0.
00
3 
0.
12
 
0.
9 
0.
00
2 
0.
05
0 
7.
6 
8.
0 
15
 
36
7
 
m
ax
 
12
.7
 
97
 
80
 
5.
0 
15
 
0.
64
0 
0.
02
5 
3.
40
 
4.
0 
0.
09
4 
0.
17
0 
8.
2 
14
.0
 
37
 
51
5
20
07
 
m
ea
n 
10
.5
 
88
 
73
 
2.
6 
13
 
0.
12
0 
0.
01
4 
1.
69
 
2.
5 
0.
00
9 
0.
05
7 
7.
9 
10
.1
 
27
 
42
2
 
m
ed
ia
n 
11
.7
 
89
 
73
 
2.
5 
13
 
0.
09
0 
0.
01
4 
1.
60
 
2.
3 
0.
00
6 
0.
05
9 
7.
9 
9.
9 
28
 
41
5
 
m
in
 
6.
1 
71
 
40
 
1.
2 
1 
0.
02
0 
0.
00
5 
0.
17
 
0.
9 
0.
00
2 
0.
03
4 
7.
7 
6.
5 
17
 
35
4
 
m
ax
 
14
.4
 
10
0 
11
0 
4.
1 
20
 
0.
41
0 
0.
02
7 
4.
50
 
5.
0 
0.
03
5 
0.
07
0 
8.
2 
16
.0
 
36
 
49
0
20
08
 
m
ea
n 
9.
6 
78
 
10
3 
2.
4 
18
 
0.
10
0 
0.
01
4 
2.
19
 
3.
0 
0.
01
4 
0.
05
2 
7.
8 
8.
7 
22
 
37
9
 
m
ed
ia
n 
9.
3 
77
 
95
 
2.
1 
18
 
0.
09
0 
0.
01
3 
2.
35
 
3.
1 
0.
01
3 
0.
05
2 
7.
8 
8.
6 
22
 
37
1
 
m
in
 
5.
0 
69
 
45
 
1.
0 
12
 
0.
06
0 
0.
00
9 
0.
20
 
1.
2 
0.
00
2 
0.
03
2 
7.
5 
6.
8 
17
 
31
6
 
m
ax
 
13
.1
 
97
 
19
0 
4.
5 
26
 
0.
20
0 
0.
02
4 
4.
10
 
5.
0 
0.
03
1 
0.
06
4 
8.
3 
11
.0
 
32
 
47
2
Boreal env. res.  vol. 17  •  Macrophyte composition in an unregulated lowland river  465
Ta
bl
e 
2.
 s
pe
ar
m
an
’s
 c
or
re
la
tio
n 
co
ef
fic
ie
nt
s 
be
tw
ee
n 
w
at
er
 le
ve
l (
W
l),
 d
is
ch
ar
ge
 (
D
is
), 
w
at
er
 te
m
pe
ra
tu
re
 (
T)
 m
ea
su
re
d 
in
 T
ar
tu
 a
nd
 th
e 
fo
llo
w
in
g 
en
vi
ro
nm
en
ta
l p
ar
am
-
et
er
s:
 o
xy
ge
n 
co
nc
en
tra
tio
n 
in
 w
at
er
 (o
2)
, o
2 s
at
ur
at
io
n 
%
 (o
 %
), 
w
at
er
 c
ol
ou
r (
C
ol
.),
 b
io
lo
gi
ca
l o
xy
ge
n 
de
m
an
d 
(B
o
D
7)
, c
he
m
ic
al
 o
xy
ge
n 
de
m
an
d 
(C
o
D
), 
n
H
4-
n
, n
o
2-
n
, 
n
o
3-
n
, t
ot
al
-n
 (n
to
t),
 s
ol
ub
le
 re
ac
tiv
e 
ph
os
ph
or
ou
s 
(s
r
P
), 
to
ta
l P
 (P
to
t),
 p
H
, c
hl
or
id
e 
(C
l),
 s
ul
ph
at
e 
(s
o
42
– )
, c
on
du
ct
iv
ity
 o
f w
at
er
 (C
on
d)
 m
ea
su
re
d 
at
 K
vi
ss
en
ta
l s
ite
 d
ur
in
g 
ve
ge
ta
tio
n 
pe
rio
d 
in
 2
00
6,
 2
00
7,
 a
nd
 2
00
8.
 C
or
re
la
tio
ns
 w
ho
se
 p
 <
 0
.0
5 
w
er
e 
co
ns
id
er
ed
 s
ig
ni
fic
an
t, 
n.
s.
 =
 n
ot
 s
ig
ni
fic
an
t, 
r s
 ≥
 0
.6
 s
et
 in
 b
ol
df
ac
e.
 
W
l 
D
is
 
T 
o
2 
o
 %
 
C
ol
. 
B
o
D
7 
C
o
D
 
n
H
4-
n
 
n
o
2-
n
 
n
o
3-
n
 
n
to
t 
s
r
P
 
P
to
t 
pH
 
C
l 
s
o
42
–
D
is
 
0.
93
 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
–
T 
–0
.3
2 
–0
.3
5 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
–
o
 
0.
30
 
0.
39
 
–0
.8
2 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
–
o
 %
 
n.
s.
 
n.
s.
 
n.
s.
 
0.
60
 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
–
C
ol
. 
0.
68
 
0.
71
 
–0
.3
0 
0.
38
 
n.
s.
 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
–
B
o
D
7 
–0
.6
0 
–0
.6
2 
0.
66
 
–0
.5
7 
n.
s.
 
–0
.5
4 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
–
C
o
D
 
0.
67
 
0.
68
 
n.
s.
 
n.
s.
 
n.
s.
 
0.
84
 
–0
.4
8 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
– 
–
n
H
4-
n
 
n.
s.
 
n.
s.
 
–0
.6
1 
0.
42
 
n.
s.
 
n.
s.
 
–0
.4
0 
n.
s.
 
1.
00
 
– 
– 
– 
– 
– 
– 
– 
–
n
o
2-
n
 
0.
47
 
0.
52
 
–0
.3
8 
0.
35
 
n.
s.
 
0.
52
 
–0
.5
4 
0.
38
 
0.
49
 
1.
00
 
– 
– 
– 
– 
– 
– 
–
n
o
3-
n
 
0.
69
 
0.
75
 
–0
.7
5 
0.
75
 
n.
s.
 
0.
72
 
–0
.7
6 
0.
53
 
0.
38
 
0.
68
 
1.
00
 
– 
– 
– 
– 
– 
–
n
to
t 
0.
67
 
0.
73
 
–0
.7
7 
0.
75
 
n.
s.
 
0.
72
 
–0
.7
6 
0.
58
 
0.
37
 
0.
64
 
0.
96
 
1.
00
 
– 
– 
– 
– 
–
s
r
P
 
0.
29
 
0.
37
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
1.
00
 
– 
– 
– 
–
P
to
t 
–0
.4
5 
–0
.4
0 
n.
s.
 
n.
s.
 
n.
s.
 
n.
s.
 
0.
39
 
–0
.3
3 
n.
s.
 
n.
s.
 
n.
s.
 
–0
.2
7 
0.
27
 
1.
00
 
– 
– 
–
pH
 
–0
.5
7 
–0
.5
2 
0.
63
 
–0
.3
6 
0.
28
 
–0
.3
6 
0.
66
 
–0
.2
7 
–0
.5
3 
–0
.5
4 
–0
.6
4 
–0
.6
3 
n.
s.
 
n.
s.
 
1.
00
 
– 
–
C
l 
–0
.3
9 
–0
.4
6 
–0
.3
0 
n.
s.
 
n.
s.
 
–0
.3
1 
n.
s.
 
–0
.4
0 
0.
48
 
n.
s.
 
n.
s.
 
n.
s.
 
–0
.2
8 
n.
s.
 
n.
s.
 
1.
00
 
–
s
o
42
–  
0.
31
 
0.
33
 
–0
.6
1 
0.
66
 
n.
s.
 
0.
40
 
–0
.6
9 
0.
35
 
0.
40
 
0.
55
 
0.
66
 
0.
67
 
n.
s.
 
–0
.2
8 
–0
.3
6 
0.
33
 
1.
00
C
on
d.
 
n.
s.
 
n.
s.
 
–0
.7
3 
0.
66
 
n.
s.
 
n.
s.
 
–0
.5
0 
n.
s.
 
0.
50
 
0.
28
 
0.
47
 
0.
47
 
n.
s.
 
–0
.2
9 
–0
.2
8 
0.
50
 
0.
70
466 Kõrs et al. • Boreal env. res. vol. 17
Ta
bl
e 
3.
 D
is
tri
bu
tio
n 
of
 m
ac
ro
ph
yt
e 
ta
xa
 a
t d
iff
er
en
t s
ite
s 
(1
–5
) i
n 
th
e 
e
m
aj
õg
i i
n 
th
e 
ye
ar
s 
20
06
, 2
00
7,
 a
nd
 2
00
8.
 c
 =
 c
on
st
an
t, 
o
 =
 o
cc
as
io
na
l, 
an
d 
D
 =
 d
om
in
an
t t
ax
on
.
 
1 
2 
3 
4 
5
 
 
 
 
 
ta
xo
n 
c
od
e 
20
06
 
20
07
 
20
08
 
20
06
 
20
07
 
20
08
 
20
06
 
20
07
 
20
08
 
20
06
 
20
07
 
20
08
 
20
06
 
20
07
 
20
08
A
co
ru
s 
ca
la
m
us
 
a
c
 c
a
l 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
c
 
c
 
c
A
gr
os
tis
 s
to
lo
ni
fe
ra
 
a
G
 s
to
 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
o
 
o
 
– 
– 
–
A
lis
m
a 
pl
an
ta
go
-a
qu
at
ic
a 
a
l 
P
-a
 
– 
o
 
o
 
– 
– 
– 
o
 
– 
o
 
– 
– 
o
 
– 
o
 
o
A
lo
pe
cu
ru
s 
ge
ni
cu
la
tu
s 
a
l 
G
e
n
 
– 
– 
o
 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
o
B
ut
om
us
 u
m
be
lla
tu
s 
B
U
 U
m
B
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
D
 
c
D
 
c
 
c
 
c
C
ic
ut
a 
vi
ro
sa
 
c
i v
ir
 
– 
– 
– 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
o
E
le
oc
ha
ris
 p
al
us
tri
s 
e
l 
Pa
l 
– 
– 
o
 
– 
– 
o
 
– 
– 
o
 
– 
– 
o
 
– 
– 
o
G
ly
ce
ria
 fl
ui
ta
ns
 
G
l 
Fl
U
 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
o
G
ly
ce
ria
 m
ax
im
a 
G
l 
m
a
X
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
 
c
D
H
ip
pu
ris
 v
ul
ga
ris
 
h
i v
U
l 
– 
– 
o
 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
o
Ju
nc
us
 s
pp
. 
JU
n
 s
P
 
– 
– 
– 
– 
o
 
o
 
– 
– 
– 
– 
– 
– 
– 
– 
–
Ly
si
m
ac
hi
a 
th
yr
si
flo
ra
 
lY
 t
h
Y
 
– 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
– 
– 
–
M
en
th
a 
aq
ua
tic
a 
m
e
 a
Q
U
 
– 
– 
o
 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
–
M
yo
so
tis
 s
co
rp
io
id
es
 
m
Y
 s
c
o
 
– 
– 
– 
– 
– 
– 
– 
o
 
o
 
– 
– 
– 
– 
– 
–
M
yr
io
ph
yl
lu
m
 s
pi
ca
tu
m
 
m
Y
 s
P
i 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
o
N
up
ha
r l
ut
ea
 
n
U
 l
U
t 
c
D
 
c
D
 
c
D
 
o
 
– 
o
 
c
 
c
 
c
 
– 
– 
– 
c
 
c
 
c
O
en
an
th
e 
aq
ua
tic
a 
o
e
 a
Q
U
 
– 
o
 
o
 
– 
– 
– 
– 
o
 
o
 
– 
– 
– 
– 
o
 
–
P
hr
ag
m
ite
s 
au
st
ra
lis
 
P
h
 a
U
s
 
o
 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
– 
– 
–
P
ha
la
ris
 a
ru
nd
in
ac
ea
e 
P
h
 a
r
U
 
o
 
– 
o
 
– 
– 
– 
o
 
– 
o
 
– 
– 
– 
– 
– 
o
P
oa
ce
ae
 s
p.
 
P
o
a 
s
P
 
– 
– 
– 
– 
– 
– 
c
 
c
 
c
 
– 
– 
– 
– 
– 
–
P
ol
yg
on
um
 a
m
ph
ib
iu
m
 
P
o
 a
m
P
 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
– 
– 
– 
–
P
ot
am
og
et
on
 p
ec
tin
at
us
 
P
o
 P
e
c
 
– 
o
 
o
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
P
ot
am
og
et
on
 p
er
fo
lia
tu
s 
P
o
 P
e
r
 
– 
– 
– 
o
 
– 
c
 
c
 
c
 
– 
o
 
– 
– 
c
 
c
 
c
R
or
ip
pa
 a
m
ph
ib
ia
 
r
o
 a
m
P
 
– 
o
 
o
D
 
– 
o
 
– 
c
 
c
 
c
 
– 
– 
– 
– 
o
 
o
S
ag
itt
ar
ia
 s
ag
itt
ifo
lia
 
s
a 
s
a
G
 
c
 
c
 
c
 
c
D
 
c
D
 
c
D
 
c
D
 
c
 
c
 
c
D
 
c
 
c
 
c
D
 
c
D
 
c
D
S
ch
oe
no
pl
ec
tu
s 
la
cu
st
ris
 
s
c
 l
a
c
 
– 
– 
– 
– 
– 
– 
c
 
c
 
c
 
– 
– 
– 
– 
– 
–
S
co
lo
ch
lo
a 
fe
st
uc
ac
ea
 
s
c
 F
e
s
 
c
 
c
 
c
 
– 
– 
– 
– 
o
 
– 
– 
– 
o
 
– 
– 
–
S
iu
m
 la
tif
ol
iu
m
 
s
i l
at
  
c
 
c
 
c
 
– 
– 
– 
o
 
o
 
– 
– 
o
 
o
 
– 
o
 
o
S
pa
rg
an
iu
m
 e
m
er
su
m
 
s
P
 e
m
e
  
o
 
– 
– 
– 
o
 
– 
o
 
– 
o
 
– 
– 
– 
– 
– 
–
S
pa
rg
an
iu
m
 e
re
ct
um
 s
.l.
 
s
P
 e
r
e
 
– 
– 
o
 
c
 
c
 
c
 
c
 
c
D
 
c
D
 
– 
– 
– 
– 
– 
o
S
pa
rg
an
iu
m
 s
pp
. 
s
P
 s
P
P
 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
– 
– 
o
 
– 
–
S
ta
ch
ys
 p
al
us
tri
s 
s
t 
Pa
l 
– 
– 
o
 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
o
Ty
ph
a 
la
tif
ol
ia
 
tY
 l
at
 
– 
– 
– 
– 
– 
– 
o
 
– 
– 
– 
– 
– 
– 
– 
–
N
um
be
r 
of
 s
pe
ci
es
 
 
9 
10
 
17
 
7 
10
 
10
 
17
 
14
 
20
 
5 
6 
9 
8 
11
 
19
c
 +
 o
 
 
 
6 
+ 
13
 =
 1
9 
 
 
5 
+ 
8 
= 
13
 
 
 
9 
+ 
16
 =
 2
5 
 
 
4 
+ 
6 
= 
10
 
 
 
7 
+ 
14
 =
 2
1
Boreal env. res. vol. 17 • Macrophyte composition in an unregulated lowland river 467
There were only five species which were consid-
ered the dominants: Butomus umbellatus, Glyce-
ria maxima, Sagittaria sagittifolia, Nuphar lutea 
and Rorippa amphibia. The last species was a 
constant taxon at only one site (3), however, it 
dominated at site 1 where it was an occasional 
taxa.
The dominant species in the community 
of macrophytes changed during the vegetation 
period. In the spring of 2006 and 2007, the 
Kvissental site was dominated by G. maxima. In 
June, there were no clear dominant taxa but both 
G. maxima and Nuphar lutea occurred numer-
ously. In summer, N. lutea was the dominant 
and G. maxima dominated again in autumn. 
In 2008, there were even three species which 
dominated consecutively during the vegetation 
period: R. amphibia, G. maxima, N. lutea, and 
again G. maxima. At all remaining four sites, 
G. maxima dominated in the spring of each 
year. At sites 2 and 5 (Haaslava), S. sagittifolia 
was the dominating species in summer and G. 
maxima replaced it again in autumn. At site 3, S. 
sagittifolia dominated each summer, G. maxima 
replaced it in autumn 2006 and 2008; however, 
in 2007 there was no dominant in autumn. At site 
4, S. sagittifolia was the dominant in summer 
2006, while B. umbellatus dominated in 2007 
and 2008. Also G. maxima dominated here each 
year in autumn.
The hydrology of the Emajõgi was not simi-
lar in different years (Fig. 2). In 2006, the water 
level and discharge were the lowest. In April, 
there was only a short high-water period and in 
late summer and autumn (from the end of July 
to the end of October) there was a long period 
when the water level remained constantly below 
the gauge zero. In contrast, 2008 was the high-
water year. The average water level was more 
than four times and the average discharge more 
than two times higher in 2008 as compared with 
those in 2006. There was no typical late-summer 
low-water period in 2008. The hydrological situ-
ation in 2007 was intermediate between those in 
2006 and 2008.
The numbers of taxa determined at each site 
differed from year to year. However, they were 
significantly (Wilcoxon matched pairs test: z = 
2.022, n = 5, p = 0.043) lower in the low-water 
year (2006) as compared with those in the high-
water year (2008). At the Haaslava site, the 
difference was especially pronounced, 8 and 19 
registered taxa, respectively (Table 3).
The duration of vegetation period for the 
dominant species, except G. maxima was dif-
ferent at the Kvissental and Haaslava sites. The 
plants started their vegetation significantly ear-
lier (Wilcoxon matched pairs test: z = 2.521, 
n = 11, p = 0.008) and ended later (Wilcoxon 
matched pairs test: z = 2.934, n = 11, p = 0.003) 
at the Kvissental site than at the Haaslava site 
(Table 4).
In 2006, the summer maximum water tem-
perature was 26.6 °C (July 10) and the average 
for one week was 25.0 °C. In 2007 and 2008, the 
water temperature never exceeded 23.0 °C.
The concentrations of SRP and P
tot
 in the 
water were the highest in 2006 and the lowest 
in 2007. The concentration of nitrogen com-
pounds, however, was the highest in 2006 and 
the lowest in 2007 (Table 1). The nitrogen-
compound content (except for NH
4
-N), O
2
, water 
colour, and sulphates were positively correlated 
with the water level and discharge, while BOD
7
, 
P
tot
, pH, and Cl were negatively correlated with 
those hydrological parameters (Table 2). BOD
7
, 
Table 4. Duration of the vegetation period in weeks for the dominant species at Kvissental and haaslava site in 
2006, 2007 and 2008.
 Kvissental haaslava
  
 2006 2007 2008 2006 2007 2008
Butomus umbellatus 23–41 21–40 23–39 25–36 24–36 23–38
Glyceria maxima 18–41 18–43 19–45 19–41 18–43 19–45
Nuphar lutea 21–40 21–41 21–37 24–38 23–36 25–36
Rorippa amphibia 21–40 19–43 19–41 not found 19–36 21–39
Sagittaria sagittifolia 24–40 21–40 25–39 25–36 23–37 25–35
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and pH were positively correlated with water 
temperature and O
2
 content. All nitrogen com-
pounds, sulphates, and water conductivity were 
negatively correlated with water temperature. O
2
 
content was positively correlated with NO
3
-N, 
N
tot
, sulphates, and water conductivity. Water 
colour was strongly and positively correlation 
with COD, NO
3
-N, and N
tot
. BOD
7
 was nega-
tively correlated with NO
3
-N, N
tot
, and sulphates 
but positively correlated with pH. All nitrogen 
compounds correlated positively with each other. 
NO
3
-N, and N
tot
 were positively correlated with 
sulphates and negatively with pH. There was a 
positive correlation between sulphates and water 
conductivity.
According to CCA (Canonical Correspond-
ence Analysis), year is a statistically important (p 
> 0.01) parameter for determining the composi-
tion of the macrophyte community. Also tem-
poral fluctuation of the hydrological parameters 
(discharge, water level and temperature) had an 
effect on the distribution of aquatic plants (Figs. 
3 and 4). In the low-water year (2006), the com-
position of macrophyte communities in the same 
river reach differed significantly from that in the 
high-water year (2008), especially in case of the 
Kvissental site. Among the taxa which gained 
from high water were the true aquatic plant Hip-
puris vulgaris as well as the helophytes Eleocha-
ris palustris, Stachys palustris and Alopecurus 
geniculatus. Butomus umbellatus, S. sagittifolia, 
and N. lutea preferred lower water. CCA based 
on the hydrochemical parameters revealed water 
conductivity, O
2
, O
2
 saturation (%), and sul-
phates as the statistically significant parameters 
governing the distribution of the macrophyte 
taxa (Fig. 5).
Discussion
Wiegleb (1983) investigated the flora of rivers 
in West Germany in 1978, 1979, and 1981. He 
noted that considerable changes had occurred 
in the vegetation during this short period. We 
obtained similar results. Our investigation 
showed that the number of species growing in 
the same place year after year (constant spe-
cies) was low. At the same time, we found a 
large number of occasional taxa despite the fact 
that the majority of the studied macrophytes 
Fig. 4. canonical correspondence analysis (cca) 
ordination plot of the macrophyte data accounting for 
43.1% of inertia in the abundances and 77.5% of vari-
ance in the weighted averages of species with respect 
to the hydrological parameters at the haaslava site 
of the emajõgi in 2006, 2007, and 2008 (number of 
observations is 64). the eigenvalues of cca axis 1 and 
cca axis 2 are 0.259 and 0.214, respectively. species 
are indicated by triangles and hydrological parameters 
by arrows. For abbreviations of taxa, see table 3. the 
class variable “year” is indicated by a circle.
Fig. 3. canonical correspondence analysis (cca) 
ordination plot of the macrophyte data accounting for 
49.5% of inertia in the abundances and 72.2% of vari-
ance in the weighted averages of species with respect 
to the hydrological parameters at the Kvissental site 
of the emajõgi in 2006, 2007, and 2008 (number of 
observations is 64). the eigenvalues of cca axis 1 and 
cca axis 2 are 0.295 and 0.198, respectively. species 
are indicated by triangles and hydrological parameters 
by arrows. For abbreviations of taxa, see table 3. the 
class variable “year” is indicated by a circle.
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were perennials. The main reasons for the abun-
dant occurrence of occasional species can be 
disturbance of (spring) floods (Champion and 
Tanner 2000, Lenssen et al. 2004), changes in 
hydrological conditions (Biggs 1996, Riis and 
Biggs 2003), and impact of boat traffic (Vermaat 
and De Bruyne 1993, Asplund and Cook 1997, 
Mosisch and Arthington 1998, Asplund 2000).
According to Vilbaste et al. (2008) and 
Hrivnák et al. (2009b) the total plant coverage 
in the rivers of the temperate zone reaches its 
maximum during the period from the end of July 
to September. The major factors controlling sea-
sonal variation in macrophyte growth and abun-
dance are water and air temperatures (Hrivnák 
et al. 2009b), phenological cycles, interspecific 
competition for resources, disturbance by flood 
(Champion and Tanner 2000) as well as the dis-
persal strategies of aquatic plants (Hrivnák et al. 
2009b).
We noted that the dominant plant species may 
change during the vegetation period. Glyceria 
maxima was the main dominant in the Emajõgi 
throughout the study period at all river sites each 
year. The species occurred throughout the veg-
etation period but dominated mainly in spring 
and autumn. In summer (July–August), other 
macrophyte species such as N. lutea, S. sagitti-
folia and B. umbellatus reached their maximum 
outnumbering G. maxima, which grows fast early 
in the vegetation period and soon reaches maxi-
mum. However, as the lifetime of the shoots of 
this species is short it produces a series of new 
shoots (Buttery and Lambert 1965). In southern, 
England in the River Frome, older shoots of 
G. maxima reach maximum in July, while new 
shoots peak in September (Westlake 1966).
In the Emajõgi, macrophytes grew mostly 
in shallow water near the shore and water level 
affected the distribution of hydrophytes. Several 
studies have stressed the importance of hydro-
logical conditions. Hrivnák et al. (2009b) dem-
onstrated that the dominating hydrophyte group 
is influenced by water depth. Weiher and Keddy 
(1995) found that species richness is related to 
water depth, water level and their fluctuations. 
Riis et al. (2001) observed that helophytes and 
amphiphytes dominated in shallow waters near 
the banks but declined rapidly with increasing 
depth and distance to the bank. Hydrophytes 
dominated at moderate and great depths irre-
spective of the distance from the banks. The 
main dominating helophyte in our study, G. 
maxima, prefers deep and wide rivers (Riis et 
al. 2000) like the Emajõgi. Among hydrophytes 
the main dominants were S. sagittifolia and N. 
lutea. Development of S. sagittifolia is appar-
ently retarded at depths greater than 0.9 m. Opti-
mum conditions for its development are at water 
depths of 0 to 0.8 m (Hroudová 1980). Forma-
tion of different leaf forms indicates the high 
adaptability of S. sagittifolia to habitats with a 
fluctuating water level (Hroudová et al. 1988). 
As N. lutea tolerates water movement better than 
other species of this genus, it occurs in slowly 
Fig. 5. canonical correspondence analysis (cca) 
ordination plot of the macrophyte data accounting for 
43.1% of inertia in the abundances and 77.5% of vari-
ance in the weighted averages of species with respect 
to the hydrochemical parameters at the haaslava 
(h) and Kvissental (K) sites of the emajõgi in 2006, 
2007, and 2008. hydrochemical data were measured 
monthly at the haaslava and Kvissental sites in 2006 or 
bimonthly at the Kvissental site in 2007 and 2008 (total 
number of observations is 28). only statistically signifi-
cant (p < 0.05) environmental parameters are shown: 
o2 concentration, o2 saturation (%), sulphate (so4
2–), 
and water conductivity. the eigenvalues of cca axis 
1 and cca axis 2 are 0.235 and 0.223, respectively. 
species are indicated by triangles and hydrochemical 
parameters by arrows. For abbreviations of taxa, see 
table 3. Year and sampling location were included into 
the analysis as passive variables. the class variable 
“year” is indicated by a circle and sampling sites are 
indicated by squares.
470 Kõrs et al. • Boreal env. res. vol. 17
flowing streams (Heslop-Harrison 1955). In our 
study, N. lutea clearly benefitted from the low 
water level in 2006.
The association between sulphates and com-
position of the macrophyte community at the 
Haaslava site was intriguing (Fig. 5). Very likely, 
sulphates had accumulated in the sediments over 
time. As an example, according to the monitor-
ing data of 2002, the wastewater of the city of 
Tartu contained 584 tonnes of sulphates. Some 
of the sulphates may have originated from fuel 
for boats operating on the Emajõgi, as sulphur 
and sulphur oxide are among the constituents of 
the fuel (Mosish and Arthington 1998). In our 
study, sulphates originated from the sediments, 
indicating the turbulence caused by the waves 
in the river reach (Haaslava) where the speed of 
boats was not restricted. In this river reach, the 
macrophyte community decomposed earlier in 
autumn as compared with the river reach (Kvis-
sental) where the speed of boats was restricted 
(Table 4). Vermaat and De Bruyne (1993) inves-
tigated the factors limiting the distribution of 
water plants in a lowland river in the Nether-
lands. They also found that the waves caused 
by boat traffic affected negatively the growth 
of plants. The vegetation was more abundant in 
the river section with the least load of boat traf-
fic. Increased turbidity due to boat traffic may 
limit the light available to plants and, as a con-
sequence, the area where plants can grow will 
decrease (Asplund 2000). Plants grew better in 
sheltered conditions and waves from boat traf-
fic limited the shoreward extent of plant growth 
(Vermaat and De Bruyne 1993).
Eaton et al. (1981) results as cited in Murphy 
and Eaton (1983) showed that G. maxima is a 
strongly-rooted emergent which forms compact 
fringing stands even on canals with a heavy boat 
traffic and is notably quick to re-establish after 
physical damage. Also in our study, G. maxima 
resisted the boat traffic well. There were no dif-
ferences in the time of starting or ending the veg-
etation period between the two sites (Table 4). 
As compared with the Kvissental site, at the 
Haaslava site N. lutea started its vegetation 2–4 
weeks later in spring and decomposed 1–5 weeks 
earlier in autumn. The helophytes B. umbellatus, 
R. amphibia and S. sagittifolia deteriorated from 
the boat traffic in the same way (Table 4).
The role of biogens governing the distribu-
tion of aquatic plants has still remained disput-
able. The nutrient effect on river macrophytes 
is difficult to assess because aquatic plants are 
capable to take up biogens from both the sedi-
ment and the water (Barko and Smart 1981, 
Kelly and Whitton 1998, Clarke and Wharton 
2001, Kohler and Schneider 2003, Schaumburg 
et al. 2004, Schneider and Melzer 2004). In this 
study, the effects of nutrients remained unclear; 
however, in our previous study on the Väike-
Emajõgi, multiple regression analysis revealed 
the importance of NO
2
-N, NO
3
-N, NH
4
-N, P
tot
 
and N
tot
 to the total coverage of macrophytes. 
The number of species depended on N
tot
, NH
4
-N, 
NO
2
-N, NO
3
-N and SRP (Vilbaste et al. 2008). 
It is known that plants excrete oxygen into the 
water, which accounts for statistically significant 
positive relationship between the oxygen content 
of water and macrophyte community (Fig 5). 
In slightly alkaline waters of Estonia, pH and 
electrical conductivity are negatively related to 
each other (Table 2). The importance of hydro-
chemical parameters on the distribution of mac-
rophytes needs to be clarified in further research.
Conclusions
This study demonstrates that instability is a char-
acteristic feature of the river vegetation. Tempo-
ral changes in the composition and distribution 
of macrophytes were considerable. In this study, 
some of the more resistant plant species were 
able to grow at the same river site from year to 
year. However, most of the observed species 
were occasional. The cover of the dominant taxa 
changed during the vegetation period. Each plant 
species had its own growth cycle and the cover-
age reached a maximum at a specific time.
The annual and seasonal patterns of mac-
rophyte composition were affected by differ-
ent environmental variables and it is difficult to 
determine crucial factors. In the Emajõgi, annual 
and temporal changes in macrophyte distribution 
were associated most of all with hydrological 
conditions, especially with water level fluctua-
tions. Changes during the vegetation period were 
particularly strongly related to water temperature, 
water level fluctuations and competition within 
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the macrophyte community. Changes in the dis-
tribution of the vegetation were also caused by 
spring floods and heavy boat traffic. The role of 
some environmental parameters that proved to 
be statistically significant for the distribution of 
macrophyte species remained unclear. It should 
be noted, however, that the distribution of the 
vegetation is affected by many other environmen-
tal factors that were not considered in this study 
and deserve to be addressed in further research.
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